Abstract o-Toluidine is used to synthesize poly (o-toluidine) (POT) by chemical oxidative polymerization in acidic medium. The synthesized POT is doped with cobalt-octoate with different concentration such as 2, 4, 6, 8 and 10% (w/w). Doped poly (o-toluidine) (POT) films have been made on glass substrate. These films are characterized by UV-VIS-NIR spectroscopy, XRD, FTIR, Photoluminescence studies and I-V characterization studies. UV-visible study shows that optical parameters changed as absorption coefficient (α) and extinction coefficient (k) at higher level of doping show significant changes, in case of doped POT samples. Interestingly, both direct and indirect band gaps exist in the cobalt-octoate doped POT, which decreases with increasing doping level. The FTIR study also shows structural changes / modifications in functional groups with doping in poly (o-toluidine). The XRD pattern of the powder POT shows the semi-crystalline nature of the samples. DC conductivity is measured at 298 K, which enhance after doping.
InTRoDuCTIon
A huge research on conducting polymers and interest in conducting polymers are generating due to their potential applications in many areas specifically in electronic devices viz, rechargeable battery, sensors (LEDs), electronic displays and lasers etc. Promising the diversified utilization of conducting polymers in recent years, interest has been in research groving on conducting polymers nanostuctures (i.e., nano-rods, -tubes, -wires, and -fibers). Since they combine the advantages of organic conductors with low -dimensional systems and therefore create interesting physicochemical properties for potential applications [1] [2] [3] [4] [5] . Among conducting plastics, polyaniline is of high interest due to its outstanding properties. It is one of the so-called doped polymers in which conductivity results from a partial oxidation by MacDiarmid [13] . Synthesized poly (o-toluidine) (POT) is dried in oven and grinded to achieve powdered POT. 2.0 gm grinded powder POT and cobalt -octoate (dopant) with different concentration such as 2, 4, 6, 8 and 10 % (w/w) have been used in 10 ml tetrahydrofuran (THF) solution with magnetic stirring about 30 min, and again kept it in oven at 30 0 C for 24h to perform doping process. After this, chemically doped poly (o-toluidine) was put in oven at 110 0 C for 4 h to achieve moisture free doped poly (o-toluidine).
Poly (o-toluidine) films formation
Doped poly (o-toluidine) (POT) films have been coated on glass substrate. Glass substrate prior to cast POT films is cleaned with iso-propanol in ultrasonic bath. Before using dip coating method, the glass substrates were also again cleaned in an ultrasonic bath in methanol and finally with acetone. Take 1.0 gm moisture free doped poly (o-toluidine) grinded powder of different doped concentration of POT and dissolved it in 5.0 ml tetrahydrofuran (THF) stirred by magnetic stirrer for 10 min. Then casted the films on the glass substrate samples (2.5 cm x 2.5 cm) by dip coating method. The prepared films on the glass substrate were put in oven at 110 0 C for 2h to make moisture free. The physical state of dopant cobalt-octoate is liquid in suspension and appeared blue in tetrahydrofuran (THF). The doped polymeric POT samples were studied by using UV-VIS spectroscopy for optical properties and I-V characterization.
RESulTS AnD DISCuSSIon

optical characterization
UV-VIS-NIR study of doped poly (o-toluidine) films is performed by using (Perkin Elmer Lambda Spectrophotometer) to determine the optical properties. The optical parameters such as absorption coefficient (α), molar absorptivity or extinction coefficient (k) and energy band gap (E g ) have been determined for undoped and cobalt-octoate doped poly (o-toluidine) films at 298K by UV-VIS using absorption spectra ( Figure 1) .
The relationship between the optical properties band gap (E g ), absorption coefficient (α) and the energy (hν) of the incident photon is given by using the equation [14 -15] vs. hν and (αhν) 2 vs. hν respectively. In both cases, straight lines are obtained, which show that these samples have both direct and indirect band gaps with cobalt-octoate (dopant). The direct and indirect optical band gaps both show decreasing orders; significant change with increase in concentration of dopant in POT matrix ( Table 1 ). The extinction coefficient (k) is determined by using following relation,
Optical properties such as absorption coefficient (α) and extinction coefficient (k) are taken in consideration, which have been calculated on the basis of sharp area of UV-VIS-NIR absorption spectra at wave lengths 330 nm and 600 nm. In Figure 1 there are rising bends/curves at wavelength 600 nm, which is attributed to the oxidized phase of the poly (o-toluidine), another moderate peaks at 330 nm appears for all studied samples. In 10 % (w/w) doped sample attributed to transition with significant shifting of peak at 330 nm. Here in this study we found that 6, 8 and 10 % (w/w) doped POT samples show changes in absorption spectra and also changes in optical and electrical properties (Table  1) . It has also been observed in the cobalt-octoate doped poly (o-toluidine) sample, that there is decrease in band gap (E g ) as the concentration of dopant increase. But absorption coefficient (α) and extinction coefficient (k), increases with increasing doping concentration. Thus, It has been seen interestingly that wavelength plays a vital role in altering the optical absorption coefficient (α) and extinction coefficient (k) in cobalt-octoate doped poly (o-toluidine) (POT). In addition, to concentrate the discussion on observed optical properties; to notice the effect of cobalt-octoate in POT matrix, we have created attempts via molar absorpitivity or extinction coefficient (k) measurements. The values of extinction coefficient (k) clearly is indicated the role of wavelength on optical properties in cobalt -octoate doped POT. At wave length 330 nm the values of undoped and doped POT are observed with significant changes (Table 1 ). In addition, considering the optical characterization, UV-VIS-NIR absorption spectra of undoped and different concentration doped (POT) samples are shown in Figure 1 . The absorption peaks at wavelength 380 nm may be attributed to π → π* transition of aromatic rings and change transfer groups. In polymers π → π* allowed transition is an asymmetric change of the dipole moment. There is a peak at 270 nm, which may be attributed to the inter band transition π → π* of excitons in the aromatic ring. Reduction in bond strength also occurs when the electron is transferred from bonding to anti-bonding orbital. Peierl's distribution explains the development of two molecular bands, namely the π band originating from highest occupied molecular orbital (HOMO) and the π* band originating from lowest unoccupied molecular orbital (LUMO), energy gap between them. These transitions are discussed in detail elsewhere [16] [17] . Conclusively, we assume that cobalt-octoate plays a significant role in the chemical doping of poly (o-toluidine), the measured optical parameters are showing the significant changes. Because absorption depends strongly on the wavelength for nearly all compounds, we must specify the wavelength at which measurements are made [18] . The electrons are responsible for absorption in the present chemical doping process by cobalt-octoate in poly (o-toluidine), which exhibits the charge transfer like absorption. Further, in view of quantitative purposes, doped poly (o-toluidine) samples show charge transfer absorption, which are particulally important for molar absorptivities or molar extinction coefficients (k). They are usually enhancing, that leads the informations of high sensitivity of dopant. It has been observed that molar extinction coefficient (k) is increasing due to permeate of cobalt ions in POT matrix chain. Here, it is assumed that cobalt-octoate doped system behave as a charge transfer complex along with poly (o-toluidine) chain. In charge transfer complex an electron donor group bonded to an electron acceptor. When an electron, from the donor is transferred to an orbital that is associated with acceptor. The excited state is thus the product of a kind of internal oxidation/ reduction process. This oxidation/ reduction process in π-conjugated organic polymers leads to doping, which enhance the conductivity. Considering, the observed data ( Table 1 ) the values of molar absorptivities of cobalt-octoate doped POT are showing significant increasing order with good agreement and favors the trend of charge transfer absorption spectra. Thus, the informations about the changes in optical parameters by doping with cobalt-octoate may explore the possibilities in the course of working with new metal salts systems in conducting polymers.
xRD studies
The XRD patterns provide significant informations in relation to the nature and structure of the sample. XRD pattern of undoped sample of poly (o-toluidine) shows the amorphous nature of synthesized samples. The XRD patterns of doped samples show the semi-crystallinity at 10 % w/w doping. DC-conductivity increases due to the increase in crystallinity of the sample, which in turn increases with the doping concentration.
The crystallinity (K) of the POT powder is calculated by the relation: Crystallinity K = Area under the peaks / Area under the curve X 100
Since the conductivity of polymers depends on various parameters [19] such as doping level (carriers concentration) formation of polarons and bipolarons [20] , the semicrystalline nature of polymers arises owing to the systematic alignment of polymer chain folding or by the formation of single or multiple The crystallites size of the sample (10% doped) is estimated from the peak width (FWHM) using Scherrer's formula:
where, λ is the X-ray wavelength, B is full width at maximum (FWHM) of a diffraction peak, θ is the diffraction angle and K is the Scherrer's constant of the order of unity for usual crystals (here K=0.9). The crystalline sizes of sample with 10% (w/w) doping concentration has been found to be 1.93 nm
FTIR studies
FTIR spectroscopy of cobalt-octoate doped poly (o-toluidine) (POT) samples have been performed by using (Spectrum RXIFT-IR) system. The FTIR spectra is due to C-C stretching of alkyl chain. Its intensity increases with increase in the concentration of dopant up to 8% (w/w) with moderate changes (metal ions interactions) in vibration band up to 600 wavelength, which may be associated with the high degree of electron delocalization sites in POT, resulted to enhance electrical conductivity. The IR bands for all doped samples of poly(o-toluidine) with different dopant concentration show significant as well as moderate changes in the wavelength region 1300-1700 cm -1 and it may be assigned to benzenoid ring C=C in the backbone of POT. The vibration bands at 1317 cm -1 may be due to C-N stretching and due to ring stretching vibration [21] [22] . The vibration band at 804 cm -1 is assigned to the benzene ring distribution, whose intensity increases with increase in dopant concentration up to 8% (w/w). The changes in number and intensity of IR vibrational bands confirmed the dopant interaction with poly (o-toluidine).
Photoluminescence studies
The emission spectra of undoped and doped POT films are shown in Figure 4 (a, b, c, & d) . Photoluminescent organic molecules are a new class of compounds with interesting properties. They undergo emission over a wide range from the violet to the red. They can also be combined in several different forms to produce white light. One category of organic material with photoluminescence properties is conjugated organic polymers. The photoluminescence spectroscopy (PL) of Co-octoate doped POT has been performed and is shown in Figure 4 (a,b ,c & d) . The PL spectra of Undoped and 4, 8, & 10 % doped sample shown peaks at 400, 406, 438 & 499 nm. The relative heights of the emission peaks alter with different dopant concentrations and nature of solvents (due to polarity). It has been noticed that the intensities of peak observed at 406 nm increases with increase of dopant concentration, which may be due to the role played by interchain species. It is known that interchain species play an impotant role in the emission process of conjugated polymers. The observed reduced height of the photoluminescence emission intensity peaks (noticed at 438 nm and 499 nm) might be due to the possibility of atom/molecules of dopant (cobalt-octoate) forming aggregate in the polymer chain. Overall, it is clear that the nature of conjugated polymer aggregation depends upon many factors, including the polymer coil size, the nature of polymer-solvent and polymer-dopant interactions and the degree of chain overlap [23] . The PL spectra of cobalt-octoate spectra doped POT samples may be significantly different with different ways of doping. The PL spectra of the samples have the same general shape, which indicates that it is an efficient way to tune the intensities of the peak by employing dopant at different concentration levels.
IV Characterization
DC-conductivity of undoped and cobalt-octoate doped poly (o-toluidine) (POT) films, which are made on glass substrate is measured by using twoprobe method at temperature (298K). Glass substrate prior to cast POT films is cleaned with isopropanol in ultrasonic bath. DC conductivity of these glass POT films was measured by mounting between steel electrodes inside a specially designed metallic sample holder. The temperature was measured with a calibrated copper-constantan thermocouple mounted near the electrodes. The samples were annealed to avoid any effect of moisture absorption. These measurements were made at a pressure of about 10 -3
Torr. A stabilized voltage of 1.5V was applied across the sample and the resultant current was measured with a pico-ammeter, which gives DC conductivity within ±1% of accuracy [24] . Conductivity is measured by using Ohm's law,
where, I is the current (in Amperes) through a resistor R (in ohm's ) and V is the drop in potential (in volts) across it. The reciprocal of resistance (R -1 ) is called conductance, the flow of current (I) as a result of ingredient in potential leads to energy being dissipated (RI 2 joule s -1
). In Ohmic material, the resistivity is proportional to the sample cross-section A:
where ρ is the resistivity measured in Ω cm. Its inverse σ = ρ -1 is the conductivity. Temperature dependent DC conductivity is measured at 298K. It is found that DC conductivity of cobalt-octoate doped POT samples increases with increasing concentration of doping agent (Table 1) . DC conductivity of pure POT increases exponentially with temperature, exhibiting semi-conductor characteristics. Considering the doping of conducting polymers that implies charge transfer, the associated insertion of a counter ion and the simultaneous control of Fermi level or chemical potential. The electrical conductivity of conducting polymers results from mobile charge carriers introduced into the carriers π-electronic system through doping. At low doping levels these charge carriers are self -localized and form non linear configuration, Because of large interchain transfer integrals; the transport of charge is believed to be along the conjugated chains, with interchain hopping as a necessary secondary condition [25] . It is observed that when the polymer is heavily doped (10% w/w), the wave functions are delocalized over many lattice constants along the polymer chain. In POT, since there are nearly degenerate ground states, the dominating charge carriers are polarons and bipolarons. It has been observed that cobaltoctoate doped POT is showing charge carriers form with linear configuration, as a result conductivity change substantially. The linear formation is indicated to good compatibility (mobility charge carriers) of cobalt-octoate dopant to poly (o-toluidine). Further, FTIR spectra also Figure 2 (a, b, c & d) show the significant changes in vibrational bands in the wave region 1500-560 cm -1 suggesting the structural changes in POT. It is also expected that the nitrogen 04CCR_kumari.indd 63 3/7/2013 4:03:28 PM atoms at the doping time favours the protonation sites that makes strong possibility of protonation induced modifications favors to enhance electronic property of POT.
ConCluSIon
The present research work describes the strong influence of cobalt-octoate dopant in poly (o-toluidine) especially, for optical and electrical properties after doping. The doping induces a considerable change in optical properties of poly (o-toluidine) such as optical band gap and absorption coefficient. It is interesting, here that the samples are showing both direct and indirect band gaps, which decrease with increase in dopant concentration. But absorption coefficient (α) and extinction coefficient (k), increases with increasing doping concentration. I-V characterization of cobalt-octoate doped, poly (o-toluidine); DC-conductivity change with different doping concentration. The XRD and FTIR spectra of cobalt-octoate doped POT is indicated the strong interaction of dopant with POT π-conjugation system. The substantial modifications of POT system takes place at 10% (w/w) doping; which is confirmed by XRD and FTIR spectra. Spectroscopic methods are also suggested that cobaltoctoate doped POT samples show major structural modifications in poly (o-toluidine). The relative heights of the emission peaks alter with different dopant concentrations and nature of solvents (due to polarity). The PL spectra of Co-octoate spectra doped POT samples may be significantly different with different ways of doping, which are showing shifting (peak) behavior with doping.
